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Introduction
In the earty 1980s, engineers at PR~PA began investigating alternatives to prevent load shedding and provide frequency control. They developed a plan of action that was passed by the Governing Board on December 12, 1989. Specifically, the resolution called foc PREPA sewed as the system integrator for the first BESS, but it is unlikely to perform that role for this second facility. PREPA is currently planning for a turnkey facility, with its performance guarantees and reduced stress on the owner during design. procurement, construction, and initial start-up. The utility, however, will undoubtedly be an active participant in this project.
System Functions
Energy storage systems support generation with rapid reserve and frequency control, distribution (T&D) with voltage regulation, and customers with more reliable sewice.
Spinning reserve is defined as the unused generation capaciiy that is synchronized to the network and can respond within ten minutes to PreVeht interruption of setvice to customers (load shedding) in the event of a failure of an operating power plant.
Rapid reserve is a portion of spinning reserve that is available almost instantaneously to prevent automatic load shedding.
Frequency control is the regulation of frequency of the electricity narrow band around 60 Hz (standard in the U.S.).
Voltage regulation is the ability of a power source to maintain that utilities produce within a constant output voltage with changes in load.
PREPA" designed its BESS to function primarily in the rapid reserve mode, preventing load shedding in its island network. The BESS experienced it first rapid discharge on November 23, 1994. A 410-MW unit of PREPA's South Coast Steam Plant was lost, resulting in a 21% system overload. . Load
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shedding was necessaty, but the magnitude of the event was reduced due to the availability of the BESS.
Lessons Learned
PREPA's experience identified many pitfalls as well as optimum processes for planning, design, procurement, construction, operation, and maintenance of a large, integrated energy storage facility.
This Lessons Learned document will be useful to the other utilities considering construction of similar facilities. The lessons learned are presented by project phase (see Figure 2 ) to indicate the type of challenges that can arise during each phase of a project. Select the architect/engineer with the most relevant experience.
Be an active' participant in system design.
Accept that project phases are intertwined in large competitive solicitations (e.g;, design phase overlapping procurement and construction phases).
Veri~available infrastructure before preparing an appropriate design (e.g., roads and the supply of electricity and water).
Identify and design for site-specific environmental and climatic conditions.
Design the building to facilitate regular maintenance and major overhauls.
Consider the performance and cost implications of subsystem design and configuration.
3.3

Procurement
PREPA coordinated the procurement processes.
Having a public power authority control procurement extended a complicated process, with seven sequential solicitations, into a two-year effort. In addition, PREPA had not built a major facility for 15 years. Nonetheless, PREPA staff undertook a number of initiatives that paved the way for construction:
q Dedicate a purchaser in the organization to ensure good communications and project continuity.
. Budget for cost variations (see Table 1 ).
. Insure that all potential bidders are invited. . . * d (see BESS rapid discharge response on May 2, 1997 in Figure 3) . Areas of concern and lessons learned in this phase include: 
Construction
Conclusion Figure 4. Removing Failed Cell
The BESS is working and contributing in a way no other generation asset can. The facility has successfully achieved its goal of providing rapid spinning reserve, frequency control, and/or voltage regulation. This was particulady the case in the aftermath of Hurricane Georges in 1998. Rapid discharge from the BESS continues to provide a reduction in network load shedding and in required system-wide spinning reserve that result in economic benefits for the utility. In frequency regulation mode, the BESS provides a fast response that reduces frequency deviations and provides operational flexibility during generation shortages. The BESS in voltage regulation mode helps sustain system . voltage levels, especially during peak hours, by augmenting the reactive power load-PREPA.k -in the process of deciding how to proceed with cell replacements, and is determined to impkwe state-of-. . . charge measurement and data acquisition flaws that hampered operations. The utility is now beginning the process of reviewing cell specifications for a second BESS facility located at the same substation near San Juan.
Despite the best efforts of those involved in the project, the PREPA BESS was still a first-of-a-kind system with its share of unanticipated problems. The lessons learned by this project should help future, large BESS projects achieve full operational status in a minimum amount of time.
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